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Our Docket : PS-12772 1 


PRELIMINARY AMENDMENT f 

I 

Asst. Commissioner for Patents 
BoxPCT 

Washington, D.C. 20231 


Dear Sir: 

AMENDMENT 

Please amend the above-identified patent application as follows: 
IN THE ABSTRACT : 
Please add an abstract as follows: 

-ABSTRACT OF THE DISCLOSURE 
The invention relates to a method and an apparatus for gasifying organic substances and 
substance mixtures in which the organic substances are fed into a pyrolysis reactor and the organic 
substances are held in contact with a heat carrier medium. The solid residual containing carbon and 
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the heat carrier medium are fed to a firing in which the residual containing carbon is burnt and the 
heat carrier medium is heated and fed to the pyrolysis reactor again. The pyrolysis gases containing 
tar are reheated in a second reaction zone such that a product gas having a high caloric value is 
obtained.-- 

TN THE SPECIFICATION . 

Page 1, line 1, after "method" insert --and apparatus--; 

line 2, delete "according to the generic terms of Claim 1" and substitute therefor the 

following: 

-Specifically, the invention relates to a method and apparatus of gasifying organic 
substances and/or substance mixtures in which the organic substances are fed into a pyrolysis reactor 
and are kept in contact with a heat carrier medium so that rapid pyrolysis takes place in which the 
organic substances are reacted into pyrolysis products to form pyrolysis products including pyrolysis 
gases with condensable substances and a solid residue containing carbon. The solid residue 
containing carbon and the heated carrier medium are fed to a firing in which the residue containing 
carbon is fired and the heated carrier medium is heated and fed again to the pyrolysis reaction. The 
pyrolysis gases that contain tar are reheated in a second reaction zone so that a gas product is 
obtained which has a high caloric value. The pyrolysis is carried out in a moving bed reactor or a 
rotary drum. A reactant such as steam can be mixed in with the pyrolysis gases and fed into an 
indirect heat exchanger in which the pyrolysis gases react with the reactant. The waste gases 
produced from the firing are fed through the indirect heat exchanger such that their heat content is 
utilized for the reaction of the pyrolysis gases with the reactant. The ash of the solid residue 
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containing carbon and the heat carrier medium is removed from the firing and recycled into the 
pyrolysis reactor at the input end for the organic material.--; 

before line 3, insert the following heading, centered on the page -BACKGROUND 
OF THE INVENTION -; 

Page 2, line 11, delete "The object of the invention is to make available" and substitute 
therefor -In view of the deficiencies of the prior pyrolysis methods and apparatus, there is a need 
for-; 

line 11, after "method" insert -and an apparatus--; 

line 12, delete ". In this process," and insert therefor -and results in-; 

lines 13 and 14, delete "is preferred. A further object of the invention is to make 
available a simply apparatus for carrying out the method"; 

before line 15, insert the following heading, centered on the page -SUMMARY OF 
THE INVENTION -; 

lines 15 and 16, delete "With respect to the method, this object is resolved by the 
combination of features in Claim 1." and substitute therefor the following: 

-The present invention pertains to an improved method and apparatus for gasifying 
organic containing substances which overcome the deficiencies of prior gasification methods and 
apparatuses. In particular, the invention pertains to a method and apparatus of gasifying organic 
substances and/or substance mixtures in which the organic substances are fed into a pyrolysis reactor 
and are kept in contact with a heat carrier medium so that rapid pyrolysis takes place in which the 
organic substances are reacted into pyrolysis products to form pyrolysis products including pyrolysis 
gases with condensable substances and a solid residue containing carbon. The solid residue 
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containing carbon and the heated carrier medium are fed to a firing in which the residue containing 
carbon is fired and the heated carrier medium is heated and fed again to the pyrolysis reaction. The 
pyrolysis gases that contain tar are reheated in a second reaction zone so that a gas product is 
obtained which has a high caloric value. The pyrolysis is carried out in a moving bed reactor or a 
rotary drum. A reactant such as steam can be mixed in with the pyrolysis gases and fed into an 
indirect heat exchanger in which the pyrolysis gases react with the reactant. The waste gases 
produced from the firing are fed through the indirect heat exchanger such that their heat content is 
utilized for the reaction of the pyrolysis gases with the reactant. The ash of the solid residue 
containing carbon and the heat carrier medium is removed from the firing and recycled into the 
pyrolysis reactor at the input end for the organic material.-; 
Page 6, before line 30, insert the following: 

-In summary, there is provided a method for the gasifying of organic containing substances 
and/or substance mixtures. The organic substances are fed into a pyrolysis reactor in which the 
organic substances are kept in contact with a heat carrier medium such that a rapid pyrolysis takes 
place in which the organic substances are reacted into pyrolysis products. The pyrolysis products 
include pyrolysis gases with condensable substances and a solid residue containing carbon. The 
solid residue containing carbon and the heat carrier medium are fed to a firing in which the residue 
containing carbon is fired and the heat carrier medium is heated and fed again to the pyrolysis 
reaction. The reuse of the heat carrier medium is referred to as the heat carrier medium cycle. 
Pyrolysis gases which include tar are reheated in a second reaction zone so that a gas product is 
obtained which has a high caloric value. The pyrolysis of the organic containing substances and/or 
substance mixtures is carried out in a moving bed reactor or a rotary drum. 
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In one preferable modification of the invention, a reactant, such as steam, is mixed in with 
the pyrolysis gases and then the reactant and pyrolysis gases are fed into an indirect heat exchanger 
in which the pyrolysis gases react with the reactant. 

In another preferable modification, the waste gases produced from the firing are fed through 
the indirect heat exchanger such that their heat content is utilized for the reaction of the pyrolysis 
gases with the reactant. 

In still another preferable modification, the ash of the solid residue which contains carbon 
and the heat carrier medium is removed from the firing and recycled into the pyrolysis reactor at the 
input end for the organic material. 

In yet another preferable modification, the pyrolysis is carried out at a temperature of about 
550-650°C. In still yet another preferable modification, the reaction of the pyrolysis gases with 
steam is carried out at a temperature of about 900-1000°C. 

In a further preferable modification, the reaction of the pyrolysis gases with a reactant, such 
as steam, is carried out in the presence of a catalyst. 

In still a further preferable modification, dolomite, calcite, nickel, nickel oxide, nickel 
aluminate, and/or nickel spinel are used as a catalyst. 

In yet a further preferable modification, one or more catalysts are used simultaneously as the 
heat carrier medium for the heat carrier medium cycle. 

In still yet a further preferable modification, the hot pyrolysis gases are dedusted before the 
addition of the reactant, such as steam. 
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In another preferable modification, the catalyst is fed to the hot pyrolysis gases in an 
entrained flow mode and is separated out after the reaction with steam, and returned to the hot 
pyrolysis gases in the heat carrier medium cycle. 

In still another preferable modification, the pyrolysis gases are dedusted and quenched after 
the reaction with the reactant. 

In yet another preferable modification, a portion of the pyrolysis gas is fired and the resulting 
heat is utilized for the pyrolysis and/or the reaction with the reactant. 

In still yet another preferable modification, the solid residue containing carbon and the heat 
carrier medium are fed to a grate firing. 

In a further preferable modification, the gasification of the organic containing substances 
and/or substance mixtures is carried out with use of a pyrolysis reactor, a firing for the pyrolysis 
residue, a reaction zone for the pyrolysis gases, and a heat carrier cycle between the pyrolysis 
reaction and the firing. 

In still a further preferable modification, the pyrolysis reactor includes a shaft kiln or a rotary 
drum that is equipped with a sluice for the organic containing substances and/or substance mixtures 
and a sluice for the heat carrier medium. 

In yet a further preferable modification, the pyrolysis reactor includes a firing with a grate 
and the shaft kiln or rotary drum has a feed for the firing. 

In still yet a further preferable modification, the waste gases produced from the firing can be 
fed to a heat exchanger that is connected with the shaft kiln or rotary drum via a line for the pyrolysis 
gases. 
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In another preferable modification, the firing is connected via a discharge apparatus, such as 
a worm, to a conveyor for the heat carrier medium. 

In yet another preferable modification, the heat carrier medium includes fire-resistant 
materials such as sand, gravel, split, aluminum silicate, corundum, graywacke, quartzite, and/or 
cordierite. 

In still another preferable modification, the heat carrier medium includes molded bodies 
composed of metallic and/or non-metallic substances such as steel and/or ceramic balls. 

In still yet another preferable modification, the heat carrier medium has a grain size of about 
l-40mm. 

In a further preferable modification, the firing is performed as a grate firing. 
In yet a further preferable modification, the heat exchanger includes a catalyst filling. 
In still a further preferable modification, the pipes of the heat exchanger include catalytically 
active material. 

In still yet a further preferable modification, the heat exchanger is assigned to a solid bed 
reactor with catalyst feed. 

In another preferable modification, the heat exchanger is first connected to a filter for 
dedusting.--; 

lines 30 and 31, delete all text; 
Page 7, lines 1 and 2, delete all text and substitute therefor the following: 
-The principal object of the invention is to make available a method and apparatus for 
generating a gas with a high caloric value that is easy to perform. 
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Another object of the present invention is the provision of a pyrolysis process that produces 
a small condensation portion. 

Further objects and advantages of the invention will become apparent to those skilled in the 
art from reading and understanding the following detailed description of various embodiments of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference may now be had to the drawings, which illustrate various embodiments that the 
invention may take in physical form and in certain parts and arrangement of parts wherein;-; 

before line 9, insert the following heading, centered on the page --DETAILED 
DESCRIPTION OF PREFERRED EMBODIMENTS -; 

line 9, delete "It is evident from Figure 1" and substitute therefor the following: 
-Referring now to the drawings wherein the showings are for the purpose of illustrating 
preferred embodiments of the invention only, and not for the purpose of limiting the same, reference 
is made to FIGURE 1 which illustrates-; 

Page 8, line 3, delete "Figure" and substitute therefor -FIGURE--; 
line 15, delete "Figure" and substitute therefor -FIGURE--; 
line 22, delete "Figure" and substitute therefor -FIGURE-; 
Page 10, delete the entirety of 17 and substitute therefor, centered on the page -EXAMPLE 

1-; 

Page 12, after line 3, insert the following paragraph: 

-The invention has been described with reference to a preferred embodiment and alternatives 
thereof. It is believed that many modifications and alterations to the embodiments discussed herein 
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will readily suggest themselves to those skilled in the art upon reading and understanding the 
detailed description of the invention. It is intended to include all such modifications and alterations 
insofar as they come within the scope of the present invention.-; 

Delete the entirety of pages 13, 14, and 15; and, 

Page 16, line 1, delete " Claims " and substitute therefor -We claim:-. 

TN THE CLAIMS : 

Please delete claims 12 and 16. 

Please amend claims 1-11, 13-15, and 17-20, and add new claims 21-31 as follows: 
1. (Amended) [Method] A method for the gasifying of organic containing substances 
[and] and/or substance mixtures in which 

a) the organic containing substances and/or substance mixtures are fed into a 
pyrolysis reactor in which the organic containing substances and/or subst ance mixtures are kept in 
contact with a heat carrier medium whereby a rapid pyrolysis takes place in which the organic 
substances are reacted into pyrolysis products whereby the pyrolysis products consist of pyrolysis 
gases with condensable substances and a solid residue containing carbon, 

b) the solid residue containing carbon and the heat carrier medium are fed to a 
firing in which the residue containing carbon is fired and the heat carrier medium heated and fed 
again to the pyrolysis reaction [(heat carrier medium cycle)], 

c) the pyrolysis gases containing tar are reheated in a second reaction zone so 
that a gas product is obtained [with at] which has a high caloric value, 

[characterized in that] 

d) the pyrolysis is carried out in a moving bed reactor or a rotary drum, 
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e) [if necessary,] a reactant [such as steam] is mixed in with the pyrolysis gases 

[and then] 4 

f) the reactant and pyrolysis gases are fed into an indirect heat exchanger in 
which the pyrolysis gases react with the reactant, 

g) [the firing] waste gases produced from the firing are fed through [the] an 
indirect heat exchanger such that their heat content is utilized for the reaction of the pyrolysis gases 
with the reactant, and 

h) [the] ash of the solid residue [containing] which contains carbon and the heat 
carrier medium [is] are removed from the firing and recycled into the pyrolysis reactor at the input 
end for the organic [material] substances and/or subs tance mixtures. 

2. (Amended) [Method] The method according to [Claim] claim 1 , [characterized in 
that] wherein the pyrolysis is carried out at a temperature of about 5 50-650 °C. 

3. (Amended) [Method] The method according to [Claims 1 and 2] claim 1, 
[characterized in that] wherein the reaction of the pyrolysis gases with [steam] the reactant is carried 
out at a temperature of about 900-1000°C. 

4. (Amended) [Method] The method according to [Claims 1-3] claim 1, 
[characterized in that] wherein the reaction of the pyrolysis gases with [steam] said reactant is carried 
out in the presence of a catalyst. 
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5 . (Amended) [Method] The method according to [Claim] claim 4, [characterized in 
that] wherein said catalyst includes a material selected from the grou p consisting of dolomite, calcite, 
nickel, nickel oxide, nickel aluminate, [or] nickel spinel [is used as a catalyst] and mixtures thereof. 

6. (Amended) [Method] The method according to [Claim] claim 5, [characterized in 
that the catalysts are] wherein at least one of said catalyst is used simultaneously as the heat carrier 
medium [for the] ma heat carrier medium cycle. 

7. (Amended) [Method] The method according to [Claims 1-6] claim 1, 
[characterized in that] wherein the hot pyrolysis gases are dedusted before the addition of [steam] 
said reactant . 

8. (Amended) [Method] The method according to [Claims 1-7] claim 1, 
[characterized in that] wherein the at least one of said catalyst is fed to the hot pyrolysis gases in an 
entrained flow mode and is separated out after the reaction with [steam] said reactant. and then 
returned to the hot pyrolysis gases [in the cycle]. 

9. (Amended) [Method] The method according to [one or more of Claims 1-8] claim 
1, [characterized in that] wherein the pyrolysis gases are dedusted and quenched after the reaction 
with [steam] said reactant . 
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10. (Amended) [Method] The method according to [one of Claims 1 -9] claim 1, 
[characterized in that] wherein a portion of the pyrolysis gas is fired and the produced heat is at least 
partially utilized for [the] a process selected from the group consisting of said pyrolysis [and/or] a [the 
reaction with steam] said reaction of said pvrolvsis eases with said reactant. and combinations 
thereof . 

11. (Amended) [Method] The method according to [one of Claims 1-10] claim 1, 
[characterized in that] wherein the solid residue [containing] which includes carbon and the heat 
carrier medium are fed to a grate firing. 

13. (Amended) [Apparatus] The method according to [Claim 12] claim 1, 
[characterized in that] wherein the heat carrier medium [consists of] includes a fire-resistant 
[materials such as] material selected from the group consisting of sand, gravel, split, aluminum 
silicate, corundum, graywacke, quartzite, [or] corriierite. and mixtures thereof. 

14. [Apparatus] The method according to [Claim 12] claim 1 . [characterized in that] 
wherein the heat carrier medium [consists of] includes molded bodies [composed of metallic or non- 
metallic substances such as steel or ceramic balls] consisting of metallic b alls, non-metallic balls. 
and combinations thereof . 

15. [Apparatus] The method according to [Claims 13 and 14] claim 13 . [characterized 
in that] wherein the heat carrier medium has a grain size of about l-40mm. 
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17. [Apparatus] The method according to [one or more of Claims 12-16] claim 1. 
[characterized in that] wherein the heat exchanger [(417) has] includes a catalyst rilling. 


18. [Apparatus] The method according to [one or more of Claims 10-17] claim 17 . 
[characterized in that] wherein the pipes of the heat exchanger [(417) consist of] include catalytically 
active material. 

19. [Apparatus] The method according to [one or more of Claims 12-18] claim 17 . 
[characterized in that] wherein the heat exchanger [(417)] is assigned to a solid bed reactor with 
catalyst feed. 

20. [Apparatus] The method according to [one or more of Claims 12-19] claim I, 
[characterized in that] wherein the heat exchanger [(417)] is first connected to a filter for dedusting. 

Add the following new claims: 

21 . An apparatus for gasifying organic containing substances and/or substance mixtures 
comprising a pyrolysis reactor having a firing for solid pyrolysis residue formed in the pyrolysis 
reactor, a reaction zone for the pyrolysis gases formed in the pyrolysis reactor, and a heat carrier 
medium that is recycled between the pyrolysis reaction and the firing, said pyrolysis reaction 
including a shaft kiln or a rotary drum that is equipped with a sluice for receiving said organic 
containing substances and/or substance mixtures and a sluice for the heat carrier medium, said firing 
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including a grate, said shaft kiln or rotary drum having a feed opening to allow materials to pass to 
the firing. 

22. The apparatus according to claim 21, wherein waste gases are formed during said 
firing, said waste gases fed to a heat exchanger used to heat materials in said shaft kiln or rotary 
drum. 

23 . The apparatus according to claim 2 1 , wherein said firing includes a discharge opening 
for said heat carrier medium to be discharged onto a discharge apparatus, said discharge apparatus 
selected from the group consisting of a worm, conveyor, and combinations thereof. 

24. The apparatus according to claim 2 1 , wherein the heat carrier medium includes a fire- 
resistant material selected from the group consisting of sand, gravel, split, aluminum silicate, 
corundum, graywacke, quartzite, cordierite, and mixtures thereof. 

25. The apparatus according to claim 21, wherein the heat carrier medium includes 
molded bodies selected from the group consisting of metallic substances, non-metallic substances, 
and mixtures thereof, said molded bodies including substantially spherical bodies. 

26. The apparatus according to claim 24, wherein the heat carrier medium has a grain size 
of about l-40mm. 
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27. The apparatus according to claim 21, wherein said firing is performed as a grate 

firing. 

28. The apparatus according to claim 22, wherein said heat exchanger includes a catalyst 

filling. 

29. The apparatus according to claim 22, wherein said pipes of the heat exchanger include 
catalytically active material. 

30. The apparatus according to claim 22, wherein said heat exchanger is used with a solid 
bed reactor with catalyst feed. 

3 1 . The apparatus according to claim 2 1 , wherein gases passing into said heat exchanger 
are first filtered to dedust the gases. 

REMARKS 

Applicants reiterate and again claim priority on the basis of German application 197 55 
693.0, filed December 16, 1997, andPCT/EP98/08217, filed December 15, 1998. 

The above-identified patent application was amended to place the patent application in better 
form for United States patent practice. Applicants submit that the amendments to the specification 
do not constitute new matter. An abstract has also been added by this amendment. A separate page 
which includes the abstract is also enclosed. Finally, Applicants have amended the claims to remove 
the multiple dependency, to clarify the claim language, and have added new claims to obtain claim 
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coverage on other aspects of the invention. Applicants submit that the claims are in proper and 
allowable form. Substantive examination on the basis of this Preliminary Amendment is respectfully 
requested. 

If it is determined that any additional fee is necessary, or if there has been any overpayment, 
the Commissioner is authorized to charge or debit, as appropriate, our Deposit Account No. 22-0347. 
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METHOD FOR GASIFYING ORGANIC SUBSTANCES AND SUBSTANCE 


MIXTURES 


The invention relates to a method for gasifying organic substances and sub- 
stance mixtures according to the generic terms of Claim 1 . 

From US-PS 4,568,362, a method for gasifying organic substances and 
substance mixtures is known in which the organic substances are directed into 
a pyrolysis reactor in which the organic substances come into contact with a 
heat carrier medium which causes rapid pyrolysis in which the organic sub- 
stances are converted into pyrolysis products, that is, pyrolysis gases with 
substances that can be condensed and solid residue containing carbon. The 
heat energy needed for the pyrolysis is generated by firing the solid residue 
containing carbon. In a second reaction zone, the pyrolysis gases that contain 
tar are subjected to cracking reactions and reactions with steam such that a 
product gas with a high caloric value is obtained. 

In this method, the pyrolysis as well as the firing of the solid residue 
containing carbon take place in a fluidized bed. In the upper part of the pyroly- 
sis fluidized bed reactor, a reaction zone is provided for the pyrolysis gases 
containing tar. 

The heat carrier medium is discharged together with the solid residue 
containing carbon in part through the reactor head of the pyrolysis fluidized 


bed reactor and the remaining portion via a line that is mounted on the upper 
fluidized bed limit, and fed to the fluidized bed firing. There, the solid residue 
containing carbon is fired and the heat carrier medium heated up. The heated 
heat carrier medium and the ashes are discharged from the fluidized bed firing 
together with the waste gas, and separated in a gas-solid separator mounted 
above the fluidized bed pyrolysis reactor, and fed to the reaction zone of the 
pyrolysis reactor from which it again falls into the fluidized bed of the pyrolysis 
reactor (heat carrier medium cycle). 

It is very costly to operate the fluidized beds and it is hardly possible to 
control the reactions of the pyrolysis gases in the reaction zone. 

The object of the invention is to make available a method for generating 
a gas with a high caloric value that is easy to perform. In this process, a small 
condensation portion is preferred. A further object of the invention is to make 
available a simple apparatus for carrying out the method. 

With respect to the method, this object is resolved by the combination of 
features in Claim 1 . According to the invention, the pyrolysis is carried out in a 
fluidized bed reactor or a rotary drum, the pyrolysis gases are mixed, if neces- 
sary, with a reactant such as steam, and they are fed into an indirect heat ex- 
changer in which the pyrolysis gases react with the reactant. The solid residue 
containing carbon and the heat exchanger medium are fed to a firing. The firing 
waste gases are fed through the indirect heat exchanger such that their heat 
content is used for the reaction of the pyrolysis gases with the reactant. The 
ashes of the solid residue containing carbon and the heat carrier medium taken 
from the firing are fed into the pyrolysis reactor at the entry end for the organic 
substance. 

The invention involves the basic concept that gasifying methods should 
be divided into three method steps that can be carried out easily. In a first 
method step, pyrolysis of the substances used takes place rapidly. In the proc- 
ess, the goal is to have as little as possible of the condensable substances in 
the pyrolysis gases. The rapid pyrolysis is ensured by performing the pyrolysis 
of the substances used at a temperature of 550-650°C. 


In a second method step, the pyrolysis gases are heated and reacted 
with steam to adjust the product gas quality. The reaction of the pyrolysis 
gases is carried out with steam at a temperature of 900-1 000°C. 

In a third method step, the solid pyrolysis residue containing carbon is 
fired. The heat generated in the process is used for the pyrolysis and the reac- 
tion of the pyrolysis gases. Furthermore, the heat carrier medium is heated up 
in the firing and then is conveyed back into the pyrolysis reactor. The heat 
transfer for the reaction of the pyrolysis gases with steam takes place in a heat 
exchanger that is heated by the waste gases from the firing. 

The advantage of this division of the three method steps is that each 
method step and the combination of the method steps can be arranged ac- 
cording to the set standard of gas product quality. 

The set standard for the gas product quality is first of all, a higher caloric 
value. Furthermore, the steam content is increased by the second method step 
so that the gas product is very well suited for use as a synthesis gas, and en- 
ergy use in connection with fuel cells can also be considered. Naturally, use to 
obtain energy via a gas motor or gas turbine is also possible. 

The reactant is steam. It is possible to avoid the addition of steam when 
sufficient water vapor is contained in the feedstock used, for example, when 
the material used is not dried or only to a limited extent. Furthermore, it is pos- 
sible that the pyrolysis gases that form contain sufficient water vapor when suf- 
ficient steam develops in the pyrolysis of the substances used. It is also possi- 
ble to provide the addition of steam in the pyrolysis step. 

With the method according to the invention, basically all organic sub- 
stances and substance mixtures can be gasified. However, it is preferable to 
gasify biomasses. 

The substances used must be pretreated before they are fed to the py- 
rolysis. The pretreatment is generally limited to drying and if necessary, to pul- 
verization. In the process, no great restrictions are set for the lumpiness of the 
substances used because the pyrolysis is carried out in a fluidized bed with a 
heat carrier medium. 


To improve the cracking of the noncondensable substances in the py- 
rolysis gas, a catalyst can be provided in the reaction of the pyrolysis gases 
with steam. Preferred catalysts are dolomite, calcite, nickel, nickel oxide, nickel 
aluminate, or nickel spinel. 

When dolomite is used, it is advantageous to calcinate the dolomite at 
the reaction temperature of 900-1 000°C, and the resulting calcium/magnesium 
oxide has particularly high catalytic activity. 

The reaction temperature of 900-1 000°C is advantageous for the reac- 
tion of the pyrolysis gas with steam, because in this temperature range, the 
sulfur sensitivity of the named catalysts is very much reduced. There is the 
possibility of regenerating the catalysts from time to time in situ by the addition 
of a small amount of air at temperatures above 1000°C. 

The catalysts can also be used as a heat carrier medium. This manner 
of proceeding has the advantage that the catalysts are periodically regener- 
ated in the heat carrier cycle. 

To prevent the catalyst from being deactivated by dust, it is recom- 
mended that the hot pyrolysis gases be dedusted before addition of the steam. 

In cases in which, because of the substances used, there is only mini- 
mal development of pyrolysis coke and thus the heat developing in the firing is 
not sufficient for pyrolysis and reaction with steam, a portion of the pyrolysis 
gas can be fired to generate heat. 

The firing of a portion of the pyrolysis gas to generate heat is also re- 
quired when the pyrolysis coke is used as a material, for example, for the pro- 
duction of activated charcoal or grilling charcoal or charcoal briquettes. So that 
the pyrolysis coke can be transferred out well, the grain size of the heat carrier 
medium must be small enough that the heat carrier medium can be separated 
from the pyrolysis coke without any problem. 

For the device according to the invention, simple and cost-effective 
components can be used that are known as such and easily available. With 
these components, the device according to the invention can easily be con- 
structed. 


The pyrolysis takes place in a moving bed reactor using a heat carrier 
medium. A shaft kiln is primarily used for this into which the mixture consisting 
of the material to be gasified and the heat carrier medium is loaded from 
above. The mixture travels through the shaft kiln. Rapid pyrolysis occurs due to 
the intimate contact of the material used with the heat carrier medium. 

So that even with heterogeneous materials, transport through the shaft 
kiln is ensured, built-in structures or spiral conveyors can be provided inside 
the shaft kiln. The built-in structures also have the advantage that the pyrolysis 
gases developing can better escape upwards through the moving bed. Never- 
theless, the equipment expense is increased in this way. 

Basically, the pyrolysis can also be carried out in a rotary drum or a 
double-deck oven, although here as well, the equipment cost would be greater. 

The mixture consisting of the heat carrier medium and the pyrolysis 
residue can be transferred into the firing via commercially available aggregates 
such as conveyor worms, swivel grates, rotating grates or cellular wheel 
sluices. In combination with a grate firing, however, the use of feeding rams is 
preferred. When an underfeed stoker is used, the use of conveyor worms is 
preferred. The firing waste gases are fed through an indirect heat exchanger 
that simultaneously serves as chemical reactor in which the pyrolysis gases 
react with steam. Such heat exchangers are known, for example, in refineries 
as steam reformers or reformers. 

Also for the conveyance of the heat carrier medium from the firing into 
the shaft kiln, conventional conveyance devices can be used, such as vibrating 
conveyors, bucket conveyors, or chain conveyors. The demands on convey- 
ance technique also correspond to the requirements that appear in the steel 
industry or in the field of coking, so that excessive expense is not required for 
layout of the aggregates. 

The heat carrier medium must have sufficient mechanical, chemical, and 
thermal stability in the temperature range of 600-1 000°C. Fire-resistant sub- 
stances such as sand, silicon, grit, aluminum silicates, corundum, graywacke, 
quartzite, or cordierite are used. The use of molded bodies of metallic or non- 
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metallic materials or combinations of them, such as steel or ceramic balls is 
also possible. 

With respect to the particle size, the heat carrier medium must be fine 
enough to be able to make intimate contact with the material used so that a 
5 good transfer of heat can take place. On the other hand, the particles of the 
heat carrier medium must be big enough that there is sufficient empty volume 
through which the pyrolysis gases can flow. 

These requirements are best fulfilled when the heat carrier medium has 
a grain size of 1-40 mm. This grain size also has the advantage that the heat 
1 0 carrier medium can be separated well from the ash of the pyrolysis residue af- 
ter the firing. 

As mentioned above, a catalyst can be provided for the reaction of the 
pyrolysis gases with steam. For this purpose, a catalyst bed can be mounted in 
the heat exchanger. Depending on whether the pyrolysis gases are fed through 

15 the pipes of the heat exchanger or outside the pipes through heat exchanger, 
the catalyst bed is mounted inside or outside of the pipes of the heat ex- 
changer. It is also possible to use a catalytically active material for the heat 
exchanger pipes such as corundum with nickel or nickel oxide. It is also possi- 
ble to provide a solid bed reactor with a catalyst bed behind the heat ex- 

20 changer. 

If the reaction of the pyrolysis gases with steam is to be supported by a 
catalyst, it is recommended that the hot pyrolysis gases be dedusted with a fil- 
ter before contact with the catalyst. 

The method steps named above as well as those claimed and described 

25 in the embodiment example, which are to be used according to the invention, 
as well as structural components are not subject to any special exceptional re- 
strictions with respect to their method restrictions, their size, shape, material 
selection, and technical conception, so that the selection criteria known in the 
particular area of application in each case can be used without any limitations. 

30 Further details, features, and advantages of the object of the invention 

result from the following description of the related illustration in which, as an 


example, a preferred embodiment of the gasifying of organic materials is repre- 
sented. Shown in the illustration are: 

Figure 1 , a diagram of the method according to the invention, 

Figure 2, the mass and energy balance of the pyrolysis and reaction 

steps, 

Figure 3, the mass and energy balance of the firing, and 

Figure 4, a schematic representation of a device for carrying out the 
method according to the invention. 

It is evident from Figure 1 that the material to be gasified 1 is fed into 
pretreatment step 2. Depending on the material, this can be a drying and/or 
pulverization device in which the material is prepared for the subsequent py- 
rolysis. The pretreated material 1 is brought into pyrolysis step 3. The pyrolysis 
step 3 leaves a pyrolysis gas 5 and a pyrolysis coke 5a. 

The pyrolysis coke 5a is fired in firing 6. The heat from firing 6 is di- 
rected via a heat coupling 7 to pyrolysis step 3 and via a heat coupling 7a to a 
reaction zone 4 for pyrolysis gas. The waste gases 1 8 of firing 6 are cooled 
and diverted in a flue gas cleaning and cooling step 17. The waste heat ob- 
tained with the flue gas cleaning and cooling step 17 can be used, for example, 
for the drying in pretreatment step 2. 

Depending on the method conditions, more heat may develop in firing 6 
than is needed for heat coupling 7 and 7a. Steam can be generated with this 
heat. For this, feed water 9 can be fed via water treatment 10 and pump 1 1 into 
heat exchanger 12 which is mounted in firing 6. The steam 16 generated is fed 
into reaction zone 4. The pressure of the unneeded portion can be released via 
turbine 13 and further utilized as waste steam 16a. 

The pyrolysis gas 5 is fed into reaction zone 4 with steam 16. In this re- 
action zone, the pyrolysis gas and the crack products of the condensable sub- 
stances are reacted with steam to the desired gas product 1 5. The gas product 
15 is then purified in a dedusting 8 and fine dedusting and quenching 14. It is 
also possible to feed a portion 19 of the gas product 15 into pyrolysis 3. 

The addition of air and/or oxygen can be provided in the individual 
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method steps to influence the method steps of pyrolysis, firing, and reaction 
with steam. 

Figure 2 shows the mass and energy balance of a pyrolysis step 101 
and a reaction step 102 in the example of gasifying wood. Wood 104 and heat 
carrier medium 104a are introduced into pyrolysis step 101. Furthermore, heat 
flow 111a, that results from the size and consistency of the material flows con- 
sisting of wood 104 and heat carrier medium 104a, as well as the targeted py- 
rolysis temperature, is added. Pyrolysis step 101 leaves a mixture 105 con- 
sisting of wood charcoal and heat carrier medium, and pyrolysis gas 106. 

Pyrolysis gas 106 enters reaction step 102. Furthermore, a heat loss 
108 occurs. Additionally, the reaction heat of the wood charcoal formation 109 
and steam 112 are fed into reaction step 102. In addition, another heat loss 
110 occurs. Resulting from the heat and material streams fed in and diverted 
out, is still the heat quantity 1 1 1 to be fed in. 

In Figure 3, the mass and energy balance of the wood charcoal firing 
103 is represented. The material streams, mixture 105 (consisting of wood 
charcoal and heat carrier medium 104a), water 117, and air 113 enter into the 
firing, and also the material streams, waste gas 116, steam 112, and mixture 
118 (consisting of heat carrier medium 104a and ash), exit. Heat streams that 
appear are heat stream 111 that is fed into reaction step 102, heat stream 
111a that is fed into pyrolysis step 1 01 , heat excess 1 1 4, and heat loss 1 1 5. 

Figure 4 shows a device for carrying out the method according to the 
invention. A material 401 is metered via sluice 402 into shaft kiln 403. Simulta- 
neously, heat carrier medium 414 is fed into shaft kiln 403 by conveyor 409 via 
sluice 410. Material 401 and the heat carrier medium 414 travel downwards in 
shaft kiln 403 and mix, whereby by means of the heat contained in heat carrier 
medium 414, material 401 is pyrolyzed at approximately 600°C. 

At the lower end of shaft kiln 403, the mixture consisting of heat carrier 
medium 414 and pyrolysis coke 426 forming from material 401 through pyroly- 
sis is fed onto grate 405 of brick-lined firing 407 through feeding 404. Firing 
407 has starting booster 406. On grate 405, pyrolysis coke 426 burns, giving 
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off heat. In this way, heat carrier medium 414 is heated to approximately 
1000°C. Heat carrier medium 414 consists of a coarse grained material such 
as sand, gravel, or split. During the firing, heat carrier medium 414 and pyroly- 
sis coke 426 travel as far as worm 408 at the end of grate 405, by which the 
ash of pyrolysis coke 426 and heat carrier medium 414 are discharged. The 
majority of this mixture consisting of heat carrier medium 414 and ash is re- 
turned to shaft kiln 403 via conveyance 409 and sluice 410, where heat carrier 
medium 414 discharges the heat absorbed in firing 407 to material 401 . 

A small portion of the mixture consisting of ash of pyrolysis coke 426 
and heat carrier medium 414 is discharged via cooling 411 and sieve 412. 
Through sieve 412, the ash of pyrolysis coke 426 is separated as fine material 
413 from the coarser heat carrier medium 414 and heat carrier medium 414 is 
returned to the process. This separation is superfluous when the material to be 
gasified does not contain any ash-forming constituents. 

The pyrolysis gas forming during the pyrolysis in shaft kiln 403 is with- 
drawn from the upper area of shaft kiln 403 via line 403a and fed into heat ex- 
changer 417. Aside from water, carbon monoxide, carbon dioxide, hydrogen, 
and methane, the pyrolysis gas also contains higher hydrocarbons and tars as 
well as other organic, especially aromatic compounds as condensable compo- 
nents. Heat exchanger 417 is heated to a temperature of approximately 950°C 
by the waste gases of firing 407. At this temperature, the pyrolysis gas and the 
condensable substances react with steam that is contained in the pyrolysis 
gas. In addition, steam 416 is fed into line 403a for the reactions in heat ex- 
changer 417. To further increase the temperature in heat exchanger 417, air 
415 can also be added for a partial firing of the pyrolysis gas. To improve the 
cracking of the accompanying tars, a catalyst can be provided in the heat ex- 
changer. 

It is also possible to add the catalyst in the flow stream to the pyrolysis 
gas stream and to separate it again after heat exchanger 417 and reuse it. 

Heat exchanger 417 leaves a gas product whose portions of carbon 
monoxide and hydrogen have been maximized. This gas is fed to heat ex- 
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changer 421 for utilization of waste heat and into washer 422 for gas purifica- 
tion. 

Gas product 425 is withdrawn via induced draught ventilator 423. 

The waste heat from heat exchanger 421 can be used to heat the py- 
rolysis gas to reaction temperature for the reaction with steam. 

After it has flowed through heat exchanger 417, the waste gas of firing 
407 is fed through heat exchanger 418 for waste heat utilization. After gas pu- 
rification 419, waste gas 424 is discharged to the surroundings via induced 
draught ventilator 420. 

Both firing 407 and also heat exchanger 417 are operated at a pressure 
that only slightly deviates from atmospheric pressure and generally is some- 
what less than the latter. Induced draught ventilator 423 for gas product 425 
and 420 for waste gas 424 are regulated and coordinated with one another so 
that the pyrolysis gas is fed through heat exchanger 417 and is not sucked 
through the shaft oven feed into firing 407. 

Embodiment example 

1000 kg/h wood are gasified in the device according to Figure 4. The 
wood contains 3% ash (free from water) and otherwise consists essentially of 
50% carbon, 6% hydrogen, 42% oxygen, and 1.9% nitrogen, calculated without 
water or ash. The upper caloric value is 17.9 MJ/kg in the anhydrous state. The 
thermal gasification efficiency is 4.97 MW. The pyrolysis is carried out at 
600°C and the reaction with steam at 950°C. The working pressure is atmos- 
pheric pressure. 

Gravel with a grain size from 3 mm to 15 mm is used as heat carrier me- 
dium. The gravel is heated from 600°C to 950°C. Because of the required 
thermal performance of 380 kW, the cycling quantity of the heat carrier medium 
is five times that of the wood input, that is, 5000 kg per hour. The shaft kiln is 
4.5 m high and has a diameter of 1.5 m, corresponding to a fluidized bed vol- 
ume of 7.5 m 3 . The residence time in the shaft kiln is two hours. 

In the pyrolysis, the wood is reacted so that 20 wt% of the wood remains 
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as wood charcoal. In the following table, the quantities and compositions of the 
wood and pyrolysis coke (wood charcoal) are listed: 


Material flow 

Wood 

Wood charcoal 

m [kg/h] 

1000 

200 

H u [MJ/kg] dry 

17,9 

33,5 

C [wt%] daf 

52,1 

92,2 

H [wt%] daf 

4,8 

2,6 

0 [wt%] daf 

42,4 

5,2 

Ash [wt%] dry 

3,4 

I 
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The following gas product is obtained: 


Caloric value [MJ/Nm J ] 


H 2 [Vol.-% dry] 

%-\ 

CO [Vol.-% dry] 

39,7 

CH 4 [Vol.-% dry] 

0,01 

C0 2 [Vol.-% dry] 

9,2 

H 2 0 [Vol.-%] 

14,8 

Chemical, enthalpy flow [MW] 

3,9 

Quantity [Nrn^/h] 

1.338 
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The enthalpy flow of the wood charcoal in the firing is 1.86 MW. This is 
sufficient to generate a steam flow of 0.45 MW (360 kg/h at 950°C and atmos- 
pheric pressure) as well as to cover the heat requirement of the reaction of the 
pyrolysis gas with steam at the level of 0.84 MW. The firing efficiency is 85%. 
1 5 After accounting for the heat loss and loss through the waste gas flow, only 
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0.26 MW remain. With this, 324 kg/h superheated steam were generated that 
were relaxed via a turbine and used as heating steam. The cold gas efficiency 
is 79%. 


List of reference numbers: 
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1 


Material used 


2 


3 


Pretreatment step 
Pyrolysis 


4 


Reaction zone 


5 Pyrolysis gas 
5a Pyrolysis coke 

6 Firing 

7 Heat coupling 
7a Heat coupling 

8 Dedusting 

9 Feed water 

10 Water treatment 

11 Pump 

12 Heat exchanger 

13 Turbine 

14 Fine dedusting/quenching 

1 5 Gas product 

16 Steam 

1 6a Waste steam 

1 7 Heat exchanger/flue gas cleaning 

1 8 Waste gas 

1 9 Gas product 

20 Air 

101 Pyrolysis step 

102 Reaction step 

103 Firing 

104 Wood 

104a Heat carrier medium 

105 Mixture 


106 Pyrolysis gas 

107 Gas product 

1 08 Lost heat 

109 Formation heat 

110 Lost heat 

1 1 1 Heat feed reaction step 
111a Heat feed pyrolysis step 

1 1 2 Superheated steam 

113 Air 

1 1 4 Excess heat 

115 Heat loss 

1 1 6 Waste gas 

117 Water 

118 Mixture 

401 Material used 

402 Sluice 

403 Shaft kiln 
403a Line 

404 Feeding 

405 Grate 

406 Booster 

407 Firing 

408 Worm 

409 Conveyor 

410 Sluice 

411 Cooling 

412 Sieve 

413 Fine material 

414 Heat carrier medium 

415 Air 

416 Steam 



417 

Heat exchanger 


418 

Heat exchanger 


419 

Gas purification 


420 

Induced draught ventilator 

5 

421 

Heat exchanger 


422 

Washer 


423 

Induced draught ventilator 


424 

Waste gas 


425 

Gas product 

10 

426 

Pyrolysis coke 


Claims 
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1 . Method for the gasifying of organic substances and substance mixtures 
in which 

a) the organic substances are fed into a pyrolysis reactor in which the 
organic substances are kept in contact with a heat carrier medium 
whereby a rapid pyrolysis takes place in which the organic substances 
are reacted into pyrolysis products whereby the pyrolysis products con- 
sist of pyrolysis gases with condensable substances and a solid residue 
containing carbon, 

b) the solid residue containing carbon and the heat carrier medium are 
fed to a firing in which the residue containing carbon is fired and the 
heat carrier medium heated and fed again to the pyrolysis reaction (heat 
carrier medium cycle) 

c) the pyrolysis gases containing tar are reheated in a second reaction 
zone so that a gas product is obtained with at high caloric value, 

characterized in that 

d) the pyrolysis is carried out in a moving bed reactor or a rotary drum, 

e) if necessary, a reactant such as steam is mixed in with the pyrolysis 
gases and then 

f) are fed into an indirect heat exchanger in which the pyrolysis gases 
react with the reactant, 

g) the firing waste gases are fed through the indirect heat exchanger 
such that their heat content is utilized for the reaction of the pyrolysis 
gases with the reactant, and 

h) the ash of the solid residue containing carbon and the heat carrier 
medium is removed from the firing and recycled into the pyrolysis reac- 
tor at the input end for the organic material. 

2. Method according to Claim 1, characterized in that the pyrolysis is car- 
ried out at a temperature of 550-650°C. 
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3. Method according to Claims 1 and 2, characterized in that the reaction 
of the pyrolysis gases with steam is carried out at a temperature of 
900-1 000°C. 

4. Method according to one of Claims 1-3, characterized in that the reac- 
tion of the pyrolysis gases with steam is carried out in the presence of a 
catalyst. 

5. Method according to Claim 4, characterized in that dolomite, calcite, 
nickel, nickel oxide, nickel aluminate, or nickel spinel is used as catalyst. 

6. Method according to Claim 5, characterized in that the catalysts are 
used simultaneously as heat carrier medium for the heat carrier medium 
cycle. 

7. Method according to one of Claims 1-6, characterized in that the hot py- 
rolysis gases are dedusted before the addition of steam. 

8. Method according to one of Claims 1-7, characterized in that the catalyst 
is fed to the hot pyrolysis gases in an entrained flow mode and is sepa- 
rated out after the reaction with steam, and returned to the hot pyrolysis 
gases in the cycle. 

9. Method according to one or more of Claims 1-8, characterized in that the 
pyrolysis gases are dedusted and quenched after the reaction with 
steam. 

1 0. Method according to one of Claims 1 -9, characterized in that a portion of 
the pyrolysis gas is fired and the heat is utilized for the pyrolysis and/or 
the reaction with steam. 
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Method according to one of Claims 1-10, characterized in that the solid 
residue containing carbon and the heat carrier medium are fed to a 
grate firing. 

Apparatus for carrying out the method according to Claims 1-11 with a 
pyrolysis reactor, a firing for the pyrolysis residue, a reaction zone for 
the pyrolysis gases, a heat carrier cycle between the pyrolysis reaction 
and the firing, characterized in that a shaft kiln (403) or a rotary drum is 
equipped with a sluice (402) for a material used (401) and a sluice (410) 
for a heat carrier medium (414) in addition to a firing (407) with a grate 
(405), and the shaft kiln (403) has a feed (404) for the firing (407), and 
the waste gases (424) of the firing (407) can be fed to a heat exchanger 
(417) that is connected with the shaft kiln (403) via a line (403a) for the 
pyrolysis gases, and the firing (407) is connected via a discharge appa- 
ratus, such as a worm (408) to a conveyor (409) for the heat carrier me- 
dium (414). 

Apparatus according to Claim 12, characterized in that the heat carrier 
medium consists of fire-resistant materials such as sand, gravel, split, 
aluminum silicate, corundum, graywacke, quartzite, or cordierite. 

Apparatus according to Claim 12, characterized in that the heat carrier 
medium consists of molded bodies composed of metallic or nonmetallic 
substances such as steel or ceramic balls. 

Apparatus according to Claims 13 and 14, characterized in that the heat 
carrier medium has a grain size of 1-40 mm. 

Apparatus according to one or more of Claims 12-15, characterized in 
that the firing (407) is performed as a grate firing. 
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17. Apparatus according to one or more of Claims 12-16, characterized in 
that the heat exchanger (417) has a catalyst filling. 

18. Apparatus according to one or more of Claims 10-17, characterized in 
that the pipes of the heat exchanger (417) consist of catalytically active 
material. 

19. Apparatus according to one or more of Claims 12-18, characterized in 
that the heat exchanger (417) is assigned to a solid bed reactor with 
catalyst feed. 

20. Apparatus according to one or more of Claims 12-19, characterized in 
that the heat exchanger (417) is first connected to a filter for dedusting. 
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statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

■ (Sign) Ik/Ml^hmH f&jfl^ J (Sign) CO^J^ ) de£L^/ , 
. HEINZ- JURGWMl^LEN CHRISTOPH SCHMID 


Residence and ) Am Borggarten 12 

Post Office ) D-48167^Munstex 

Address ) GERMANY 
) 


P 


Citizenship: Germany 

Dated this /i$day of iij , 2000 


Residence and 
Post Office 
Address 


) TalsperrenstraBe 21 

) D-51702 

) ^ergn^tadt^ 

) GERMANY 


Citizenship: Germany 

Dated this i£dayof if^f ,2000 
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